Molecular basis for the isozymes of bovine glucose-6-phosphate isomerase.
Glucose-6-phosphate isomerase exists as multiple, catalytically active isozymes which can be resolved by polyacrylamide gel electrophoresis, isoelectric focusing, and ion-exchange chromatography. GPI from bovine heart was purified to homogeneity and each of the isozymes resolved. Four of the five isozymes were characterized with regard to their physical, chemical, and catalytic properties in order to establish their possible physiological significance and to ascertain their molecular basis. The isozymes exhibited identical native (118,000) and subunit (59,000) molecular weights but had different apparent pI values of 7.2, 7.0, 6.8, and 6.6. Kinetic constants, such as turnover number, Km and Ki values, were identical for all isozymes in either reaction direction. Structural analyses showed that the amino termini were blocked and the carboxyl terminal sequences were -Glu-Ala-Ser-Gly for all four isozymes. The most basic isozyme was more stable than the more acidic isozymes at pH extremes, at high ionic strength, in the presence of denaturants, or upon exposure to proteases. When the most basic isozyme was incubated in vitro under mild alkaline conditions, there was a spontaneous generation of the more acidic isozymes with electrophoretic properties identical to those found in vivo. The simultaneous release of ammonia along with the spontaneous shift to more acidic isozymes indicates deamidation as the molecular basis for the formation of the acidic isozymes both in vivo and in vitro. The change in the peptide fragmentation patterns following cleavage by hydroxylamine further suggests that deamidation of specific Asn-Gly bonds accounts for the structural basis of the isozymes.